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The present study investigated the suppressive effect
of the selective substance P-receptor antagonist, span-
tide I, on the resting blood flow in the rat masseter
muscle with the aid of a laser speckle imaging flowme-
ter to confirm the presence of dilator tone at the resting
state. The effects of inhibition of the resting blood flow
by application of spantide I on vasodilatation evoked
by activation of the parasympathetic vasodilator fiber
and intravenous administration of acetylcholine were
also investigated.
The resting blood flow in the masseter muscle was
significantly reduced by the application of spantide I in
a dose-dependent manner. The blood flow was recov-
ered 60 min after washing with spantide I. After appli-
cation of spantide I, the blood flow increases evoked by
activation of the parasympathetic vasodilator fiber and
administration of acetylcholine were significantly inhib-
ited when compared with those of the non-treated con-
trol.
These results suggest that substance P induces dila-
tory tone via its receptor in the vessels of the rat mas-
seter muscle at the resting state. If the dilator tone de-
creases, vascular beds may constrict excessively by
their own elasticity and/or contractile tone, and a subse-
quent vasodilatory responses may be suppressed.








































































??????????????Izumi & Karita, 1992,

































































































































































??Barcroft et al. , 1943 ; Laverty, 1962 ; Hagbarth &
Vallbo, 1968????????????????????
?????????????????Bulbring & Burn,
1935; Joyner & Dietz, 2003??????????????
?????????????????????????


















& Ho, 1991, 1993?????????????Berggreen
& Heyeraas, 1999, 2000???????????????
??????????? ?? ?????
?? Spantide I??????????











?????????Bevan & Brayden, 1987??????
?????????????????????????
?????????????????????????








































The Dental Journal of Health Sciences University of Hokkaido 32 2013
?? Spantide I???????????????????????????

















































Takeharu NIIOKA et al.?Effects of substance P on basal blood flow regulation in rat masseter muscle
?? Spantide I???????????????????????????????
















al., 2005, 2009a, b; ??????2010a, b???????
????????????????????????
?????????????????????????
????????Ishii et al., 2005; Niioka et al., 2009a??
NO??????????????????????
??cGMP????????????????????

































Anderson LC, Martin DJ, Phillips DL, Killpack KJ, Bone
SE & Rahimian R. The influence of gender on parasym-
pathetic vasodilatation in the submandibular gland of the
rat. Exp Physiol 91: 435-444, 2006.
Barcroft H, Bonnar WM, Edholm OG & Effron AS. On
sympathetic vasoconstrictor tone in human skeletal mus-
cle. J Physiol 102: 21-31, 1943.
Berggreen E & Heyeraas KJ. The role of sensory neu-
ropeptides and nitric oxide on pulpal blood flow and tis-
sue pressure in the ferret. J Dent Res 78 : 1535-1543,
1999.
Berggreen E & Heyeraas KJ. Effect of the sensory neu-
ropeptide antagonists h-CGRP (8-37) and SR 140.33 on
pulpal and gingival blood flow in ferrets. Arch Oral Biol
45: 537-542, 2000.
Bevan JA & Brayden JE. Nonadrenergic neural vasodilator
mechanisms. Circ Res 60: 309-326, 1987.
Bulbring E & Burn JH. The sympathetic dilator fibres in
the muscles of the cat and dog. J Physiol 83: 483-501,
1935.
Champlin R, Jansen J, Ho W, Gajewski J, Nimer S, Lee K,
et al. Retention of graft-versus-leukemia using selective
depletion of CD8-positive T lymphocytes for prevention
of graft-versus-host disease following bone marrow trans-
plantation for chronic myelogenous leukemia. Transplant
Proc 23: 1695-1696, 1991.
Delius W, Hagbarth KE, Hongell A & Wallin BG. General
characteristics of sympathetic activity in human muscle
nerves. Acta Physiol Scand 84: 65-81, 1972.
Guyton AC & Hall JE. Textbook of Medical Physiology,
Hall JE, editors. Muscle Blood Flow and Cardiac Output
During Exercise; the Coronary Circulation and Ischemic
Heart Disease: Elsevier Saunders, 2006, p246-257.
Hagbarth KE & Vallbo AB. Pulse and respiratory grouping
of sympathetic impulses in human muscle-nerves. Acta
Physiol Scand 74: 96-108, 1968.
Held KF & Dostmann WR. Sub-Nanomolar Sensitivity of
Nitric Oxide Mediated Regulation of cGMP and Vasomo-
tor Reactivity in Vascular Smooth Muscle. Front Pharma-
col 3: 130, 2012.
Hsu YY, Jou YT, Wong R, Karabucak B, Simchon S &
Kim S. Effect of nitric oxide synthase inhibitor ( L-
??????????? ?? ????? ??
????
????????????????????????????????????????????????????????????????????????????????????????????
NAME) on substance P-induced vasodilatation in the den-
tal pulp. Int Endod J36: 840-847, 2003.
Ishii H & Izumi H. GABAB receptors in the NTS mediate
the inhibitory effect of trigeminal nociceptive inputs on
parasympathetic reflex vasodilation in the rat masseter
muscle. Am J Physiol Regul Integr Comp Physiol 302: R
776-R784, 2012.
Ishii H, Niioka T & Izumi H. Circulating adrenaline re-
leased by sympathoadrenal activation elicits acute vaso-
dilatation in the rat masseter muscle. Arch Oral Biol 54:
486-494, 2009a.
Ishii H, Niioka T & Izumi H. Difference between male and
female rats in cholinergic activity of parasympathetic
vasodilatation in the masseter muscle. Arch Oral Biol 54:
533-542, 2009b.
Ishii H, Niioka T & Izumi H. Vagal visceral inputs to the
nucleus of the solitary tract:involvement in a parasympa-
thetic reflex vasodilator pathway in the rat masseter mus-
cle. Brain Res1 312: 41-53, 2010.
Ishii H, Niioka T & Izumi H. Parasympathetic reflex vaso-
dilatation in the masseter muscle compensates for carotid
hypoperfusion during the vagus-mediated depressor re-
sponse. Brain Res 1370: 145-153, 2011.
Ishii H, Niioka T, Sudo E & Izumi H. Evidence for para-
sympathetic vasodilator fibres in the rat masseter muscle.
J Physiol 569: 617-629, 2005.
Ishii H, Niioka T, Watanabe H & Izumi H. Inhibitory ef-
fects of excess sympathetic activity on parasympathetic
vasodilation in the rat masseter muscle. Am J Physiol
Regul Integr Comp Physiol 293: R729-R736, 2007.
Izumi H & Karita K. Selective excitation of parasympa-
thetic nerve fibers to elicit the vasodilatation in cat lip. J
Auton Nerv Syst 37: 99-107, 1992.
Izumi H & Karita K. Innervation of the cat lip by two
groups of parasympathetic vasodilator fibres. J Physiol
465: 501-512, 1993.
Jow RW & Clark GT. Endurance and recovery from a sus-
tained isometric contraction in human jaw-elevating mus-
cles. Arch Oral Biol 34: 857-862, 1989.
Joyner MJ & Dietz NM. Sympathetic vasodilation in hu-
man muscle. Acta Physiol Scand 177: 329-336, 2003.
Karita K & Izumi H. Effect of baseline vascular tone on
vasomotor responses in cat lip. J Physiol 482: 679-685,
1995.
Laverty R. Relation in rat hind-limb blood vessels between
nervous vasomotor tone and the response to vasoconstric-
tor drugs. Br J Pharmacol Chemother 18: 451-464, 1962.
Loaiza LA, Yamaguchi S, Ito M & Ohshima N. Vasodila-
tation of muscle microvessels induced by somatic afferent
stimulation is mediated by calcitonin gene-related peptide
release in the rat. Neurosci Lett 333: 136-140, 2002.
Loke KE, Sobey CG, Dusting GJ & Woodman OL.
Cholinergic neurogenic vasodilatation is mediated by ni-
tric oxide in the dog hindlimb. Cardiovasc Res 28: 542-
547, 1994a.
Loke KE, Sobey CG, Dusting GJ & Woodman OL. Re-
quirement for endothelium-derived nitric oxide in vasodi-
lation produced by stimulation of cholinergic nerves in rat
hindquarters. Br J Pharmacol 112: 630-634, 1994b.
Milner P, Bodin P, Guiducci S, Del Rosso A, Kahaleh MB,
Matucci-Cerinic M, et al. Regulation of substance P
mRNA expression in human dermal microvascular endo-
thelial cells. Clin Exp Rheumatol 22: S24-27, 2004.
Milner P, Kirkpatrick KA, Ralevic V, Toothill V, Pearson J
& Burnstock G. Endothelial cells cultured from human
umbilical vein release ATP, substance P and acetylcholine
in response to increased flow. Proc Biol Sci 241: 245-
248, 1990.
Moncada S, Palmer RM & Higgs EA. Nitric oxide:physiol-
ogy, pathophysiology, and pharmacology. Pharmacol Rev
43: 109-142, 1991.
Niioka T, Ishii H & Izumi H. Involvement of vasoactive
intestinal polypeptide in the parasympathetic vasodilata-
tion of the rat masseter muscle. Arch Oral Biol 54: 909-
916, 2009a.
Niioka T, Ishii H & Izumi H. Regional differences in blood
flow variation in rat masseter muscle. Arch Oral Biol 54:
1022-1028, 2009b.
Ralevic V, Milner P, Hudlicka O, Kristek F & Burnstock
G. Substance P is released from the endothelium of nor-
mal and capsaicin-treated rat hind-limb vasculature, in
vivo, by increased flow. Circ Res 66: 1178-1183, 1990.
Sausbier M, Schubert R, Voigt V, Hirneiss C, Pfeifer A,
Korth M, et al. Mechanisms of NO/cGMP-dependent va-
sorelaxation. Circ Res 87: 825-830, 2000.
van Steenberghe D, De Vries JH & Hollander AP. Resis-
tance of jaw-closing muscles to fatigue during repetitive
maximal voluntary clenching efforts in man. Arch Oral
Biol 23: 697-701, 1978.



























































by substance P in human forearm vessels. Clin Sci (Lond)
93: 607-609, 1997.
Zochodne DW & Ho LT. Influence of perivascular pep-
tides on endoneurial blood flow and microvascular resis-
tance in the sciatic nerve of the rat. J Physiol 444: 615-
630, 1991.
Zochodne DW & Ho LT. Vasa nervorum constriction from
substance P and calcitonin gene-related peptide antago-
nists:sensitivity to phentolamine and nimodipine. Regul










??????? ???? ??? ??
??????? ??????? ????? ????? ????????
??????? ? ??
??????? ????????? ??????????
??????? ??????? ????? ????? ????????
??????? ??????? ??? ??????? ??
??????? ??????? ????? ????? ????????
??????? ????????? ???????????
??????? ??????? ??? ?????? ????? ??????
??




The Dental Journal of Health Sciences University of Hokkaido 32 2013 ??
????
????????????????????????????????????????????????????????????????????????????????????????????
